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EPA  Interagency  Program  on  Biological  and  Climatic  Effects  (BACER) 
Instrumentation  for  Measuring  Irradiance  in  the  UV-B  Region 


SUMMARY 


The  responsibility  of  the  Instrumentation  Research  Laboratory  (IRL)  in 
this  program  was  developing  portable  instruments  for  use  by  biologists  to  measure 
UV-B  irradiance  in  growth  chambers,  greenhouses,  and  field  plots.  A  simple 
UV-B  radiometer  and  two  UV-B  spectroradiometers  have  been  designed,  constructed, 
tested,  and  put  into  use  in  the  UV-B  research  program.  Each  of  these  instru¬ 
ments  is  now  being  manufactured  by  commercial  firms. 

The  two  spectroradiometers  differ  only  in  the  monochromators:  one  has  a 
single  holographic  grating;  the  other,  two  holographic  gratings  for  greater 
stray  light  rejection.  The  spectroradiometers  automatically  scan  the  250-400  nm 
region  in  less  than  5  minutes,  printing  a  tape  of  the  corrected  irradiance  as 
a  function  of  wavelength.  The  input  is  cosine  corrected  by  a  specially  designed 
teflon-bubble  diffuser  coupled  to  the  input  slits.  The  output  of  the  monochro¬ 
mator  is  measured  with  a  multiplier-type  phototube  and  a  logarithmic  response 
amplifier.  The  amplifier  output  is  digitized  with  a  digital  voltmeter,  and  the 
digital  output  is  interfaced  with  a  desk-top  programmable  calculator. 

The  design  provided  for  the  spectroradiometer  system  response  to  be  stored 
in  the  calculator  so  that,  as  the  spectrum  is  scanned,  the  calculator  corrects 
the  measured  signal  for  instrument  calibration  and  outputs  the  true  spectral 
irradiance  of  the  source  being  measured. 

The  programmable  calculator  controls  the  operation  of  the  spectroradi¬ 
ometer  so  that,  on  command,  scanning  is  initiated  and  readings  are  recorded  for 
each  nanometer  interval.  The  calculator  prints  the  wavelength  and  irradiance 
for  each  wavelength  interval  and,  at  the  end  of  the  scan,  reverses  the  wave¬ 
length  drive  and  returns  the  monochromator  to  the  starting  wavelength.  The 
calculator  is  programmed  to  print  an  integral  for  a  programmed  action  spectrum 
at  the  end  of  each  scan.  At  the  completion  of  the  scan,  the  data  can  be  stored 
on  a  magnetic  tape,  if  desired,  for  future  analyses. 

Provision  is  included  for  a  precise  check  of  wavelength:  the  spectrum 
of  a  miniature  low-pressure  mercury-arc  lamp  is  scanned,  and  the  calculator 
computes  the  position  of  the  253.7  nm  and  the  296.7  nm  lines  to  a  precision  of 
+_  0.01  nm. 

The  performance  specifications  approach  the  requirements  for  UV-B  measure¬ 
ments  stated  in  NBS  publication  #20,  "Optical  Radiation  News,"  dated  April  1977. 
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EPA  Interagency  Program  on  Biological  and  Climatic  Effects  (BACER) 
Instrumentation  for  Measuring  Irradiance  in  the  UV-B  Region 

Our  UV-B  measuring  instruments  developed  for  this  project  meet  the 
requested  requirements.  The  broadband  radiometer  is  small,  hand-held, 
battery  operated,  and  has  fast  response  for  rapid  measurements.  The  spectro- 
radiometers  have  the  following  features: 


(1) 

Fast,  accurate,  and  reproducible. 

(2) 

Convenient,  automatic  single-key-stroke  operation. 

(3) 

Programmable  calculator-controlled  scanning,  Fig.  1. 

(4) 

Logarithmic  amplifier  for  wide  dynamic  range. 

(5) 

Calculates  and  prints  true  spectral  irradiance  for  each  nm 
wavelength.  Fig.  2. 

(6) 

Calculates  and  prints  weighting  function  (AE9). 

(7) 

Programmed-wavelength-calibration  check . 

(8) 

Double  monochromator  unit  has  very  low  stray  light. 

(9) 

Bandwidth  of  2  nm. 

(10) 

Temperature  stable. 

(11) 

Receptor  has  excellent  cosine  response. 

(12) 

Spectra  are  stored  on  magnetic  tape  for  efficient  data  processing. 

(13) 

Portable--operates  on  small  lab  cart. 

(14) 

Minor  disturbance  of  area  by  the  "measuring  head." 

Our 

spectroradiometer  performance  specifications  approach  the  requirements 

for  UV-B  measurements  stated  in  NBS  publication  #20,  "Optical  Radiation  News," 
dated  April  1977.  These  requirements  are  cited  in  attached  copy  of  "Making  a 
UV  Measurement?,"  Electro-Optical  Systems  Design,  9(6) :17,  1977.  (page  7) 

Cosine  Response  for  UV-B 

The  spectroradiometers ,  as  well  as  other  UV-B  radiation  meters  developed 
in  our  program,  incorporate  a  new  design  for  cosine-corrected  input  optics. 

We  tested  all  available  cosine-correction  schemes,  including  integrating 
spheres,  diffusing  reflectors,  and  sintered-quartz  diffusers.  None  of  these 
gave  adequate  performance  for  the  250  to  370  nm  region,  so  we  developed  the 
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teflon  bubble  diffuser.  The  spectral  transmission  of  this  teflon  diffuser 
is  shown  in  Fig.  3.  Fig.  4  is  a  drawing  of  the  input  optics  for  the  spectro- 
radiometers.  We  supplied  a  similar  receptor  to  our  cooperators  that  have  a 
Gamma  Scientific  monochromator.  Fig.  5.  The  response  of  this  type  of  diffuser 
to  radiation  from  different  angles  is  compared  with  that  of  a  commercial 
instrument  in  Fig.  6.  The  teflon  bubble  receptor  provides  excellent  cosine 
correction,  and  has  a  stable  surface  which  can  be  readily  cleaned.  This 
type  of  diffuser  is  now  used  in  commercial  instruments. 

Wavelength  Accuracy 

To  check  spectroradiometer  wavelength  accuracy,  a  low-pressure  mercury- 
arc  lamp  is  scanned  and  the  mercury  line  location  computed.  The  wavelengths 
of  the  253.7  and  the  296.7  nm  lines  are  measured  with  a  readout  precision 
of  +_  0.01  nm,  so  that  wavelength  shifts  as  low  as  0.02  nm  are  readily  detected, 
Fig.  7.  This  field  check  can  be  made  quickly  and  routinely  between  measurements 
if  desired. 

Spectroradiometers 

Our  UV-B  spectroradiometers  are  now  used  routinely  by  technicians  to 
measure  UV-B  irradiance  in  growth  chambers,  greenhouses,  and  field  plots. 

These  instruments  are  identified  by  the  acronyms:  IRLSpec-S  for  the  single 
monochromator  version;  IRLSpec-D  for  the  double  monochromator;  and  IRLSpec-SO 
for  the  commercial  model  single  monochromator .  Numbers  shown  on  the  graphs — 
for  example,  1770815.09- — identify  instrument  (first  digit),  year  (next  two 
digits),  month,  day,  and  scan  number  for  that  day.  The  first  digit  may  be 
1,  2,  or  3  for  IRLSpec-S,  IRLSpec-D,  or  IRLSpec-SO,  respectively. 

Measured  performance  specifications  for  the  IRLSpec-S  spectroradiometer 
are  as  follows: 


Wavelength  range  -  250  to  370  nm 
Readout  interval  -  1  nm 
Scanning  speed  -  0.5  nm/sec. 

Spectral  bandpass  -  2  nm 
Wavelength  reproducibility  -  +_  0.02  nm 
Wavelength  accuracy  -  +0.05  nm  at  296.7  nm 
Radiometric  reproducibility  -  +  2% 

Radiometric  accuracy  -  +  5% 

Radiometric  range  -  0.001  to  2000  mW*m-2‘nm-1 
Stray  light  -  less  than  2  x  10"^  at  285  nm  as  tested 
with  a  xenon  arc  lamp  filtered  with  0.5-mm- thick 
cellulose  acetate 
Cosine  correction  -  within  +  10% 

Output  -  printed  tape  direct  reading  in  wavelength 
and  corrected  irradiance  at  each  nanometer  interval 
from  250  to  370  nm 

Size  of  measuring  head  -  less  than  28  x  20  x  10  cm 
Temperature  stability  less  than  0.04  nm  wavelength  shift 
for  25°C  temperature  change. 
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Ihe  IRLSpec-D  spectroradiometer,  with  double-grating  monochromator, 
provides  better  stray  light  rejection.  This  unit  incorporates  all  the 
features  of  the  single  monochromator  unit  although  the  measuring  head  is, 
of  necessity,  slightly  larger.  Observed  wavelength  instability  of  the 
double  monochromator  was  caused  by  grating-sync-drive  cable  temperature 
sensitivity.  Our  technician,  George  Button,  solved  this  temperature  insta¬ 
bility  with  his  cable-stringing  technique.  The  grating-drive  cable  spring 
was  eliminated,  and  the  cables  were  crossed  to  provide  automatic  temperature 
compensation  and  wavelength  stability. 

Measured  performance  specifications  for  the  IRLSpec-D  spectroradiometer 
are  as  follows: 


Wavelength  range  -  250  to  370  nm 
Readout  interval  -  1  nm 
Scanning  speed  -  0.7  nm/sec. 

Spectral  bandpass  -  2  nm 
Wavelength  reproducibility  -  +  0.02  nm 
Wavelength  accuracy  -  +0.05  nm  at  296.7  nm 
Radiometric  reproducibility  -  +  2% 

Radiometric  accuracy  -  +_  5% 

Radiometric  range  0.0001  to  1000  mW-m~^'nm  ^ 

Stray  light  -  less  than  5  x  10~®  at  285  nm  as  tested 
with  a  xenon  arc  lamp  filtered  with  0.5-mm-thick 
cellulose  acetate 
Cosine  correction  -  within  +  10% 

Output  -  printed  tape  direct  reading  in  wavelength  and 
corrected  irradiance  at  each  nanometer  interval  from 
250  to  370  nm 

Size  of  measuring  head  -  less  than  28  x  25  x  10  cm 
Temperature  stability  -  less  than  0.06  nm  shift  for 
25°C  temperature  change. 

The  IRLSpec-D  spectroradiometer  was  field  tested  at  the  University  of 
Colorado’s  Snowmass,  Colorado,  high-altitude  site  during  August.  The  instru¬ 
ment  was  disassembled  into  components  and  securely  packed  into  a  regular 
hard-side  luggage  as  a  shipping  container  and  transported  as  "checked"  baggage 
to  and  from  Colorado.  Spectral  measurements  were  made  at  three  elevations, 

2377  m  (7800  ft.),  2980  m  (9777  ft.),  and  3452  m  (11326  ft.).  This  necessi¬ 
tated  disassembling  and  repacking  the  instrument  and  transporting  it  up  and 
down  the  mountain  on  unimproved  roads  to  each  site.  Upon  return  to  Beltsville, 
the  instrument  continued  to  perform  with  only  minor  adjustments. 

The  commercial  version  of  our  IRLSpec-S,  single  monochromator  spectro¬ 
radiometer  was  manufactured  to  our  specifications.  This  IRLSpec-SO  required 
constant  operator  assistance,  but  our  circuit  modifications  converted  it  to 
automatic  operation  with  single-key  stroke  to  scan  the  spectrum,  return,  and 
reset. 
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Measured  performance  specifications  for  this  commercial  IRLSpec-SO 
spectroradiometer  are  as  follows: 

Wavelength  range  -  250  to  370  nm 
Readout  interval  -  1  nm 
Scanning  speed  -  1.0  nm/sec. 

Spectral  bandpass  -  2  nm 
Wavelength  reproducibility  -  +  0.02  nm 
Wavelength  accuracy  -  +  0.05  nm  at  296.7  nm 
Radiometric  reproducibility  -  +  2% 

Radiometric  accuracy  -  +  5% 

Radiometric  range  -  0.001  to  200  mW-m  ^ • nm 
Stray  light  -  less  than  1  x  10-^  at  285  nm  as  tested 
with  a  xenon  arc  lamp  filtered  with  0.5-mm-thick 
cellulose  acetate 
Cosine  correction  -  within  +  10% 

Output  -  printed  tape  direct  reading  in  wavelength  and 
corrected  irradiance  at  each  nanometer  interval  from 
250  to  370  nm 

Size  of  measuring  head  -  less  than  25  x  21  x  13  cm 
Temperature  stability  -  less  than  0.04  nm  shift  for 
25°C  temperature  change. 

Spectroradiometer  Sensitivity  and  Dark  Current 

The  photomultiplier-tube  dark  current,  system  correction,  and  standard- 
lamp  spectral  irradiance  are  plotted  in  Fig.  8  for  the  IRLSpec-S  with 
Hamamatsu  R166  phototube  (solar  blind  response)  and  Corion  SF-1.25  solar 
blind  filter.  The  IRLSpec-D  photomultiplier  dark  current  (Hamamatsu  R212,  S-5 
response  and  Corion  SF-1.25  solar  blind  filter),  system  correction,  and 
standard  lamp  spectral  irradiance  are  plotted  in  Fig.  9.  Plots  of  the  IRLSpec- 
SO  photomultiplier-tube  dark  current  (Hamamatsu  R166,  solar  blind  response, 
and  Corning  7-54  filter) ,  system  correction,  and  standard  lamp  spectral  irradi¬ 
ance  are  shown  in  Fig.  10. 

The  instruments  developed  in  our  program  are  now  manufactured.  A  broad¬ 
band  UV-B  radiometer  is  available  from  Optronic  Labs,  Inc.  Spectroradiometers 
similar  to  ours  are  advertised  in  Optical  Spectra,  12(1):13,51,  and  60,  dated 
January  1978,  and  are  available  from  three  firms: 

EG&G ,  I nc . 

35  Congress  Street 

Salem,  Massachusetts  01970 

Gamma  Scientific,  Inc. 

3777  Ruffin  Road 

San  Diego,  California  92123 

Optronic  Labs,  Inc. 

7676  Fenton  Street 

Silver  Spring,  Maryland  20910 


Irradiance  Spectra 

Typical  spectra  from  our  IRLSpec-D  are  plotted  in  Fig.  11,  12,  13,  and  14; 
from  our  IRLSpec~S,  Fig.  15  and  16;  and  from  our  IRLSpec-SO,  Fig.  17. 
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Irradiances  of  FS40  and  FBZS40  lamps  are  compared  in  Fig.  11.  A  typical 
curve  for  an  FS40  lamp  with  and  without  a  cellulose  acetate  (CA)  filter  is 
shown  in  Fig.  12.  CA  filters  with  FS40  lamps  are  compared  in  Fig.  13.  Measured 
irradiances  of  four  FS40  lamps  used  to  enhance  the  sun's  UV-B  at  Snowmass, 
Colorado's  2980  m  (9777  ft.)  site,  are  plotted  in  Fig.  14.  The  fixtures  were 
two  lamps  mounted  in  pairs  at  a  Z  of  110  cm  and  filtered  with  0.127-mm  (0.005-in.) 
CA.  The  change  in  irradiance  of  a  FBZS20  lamp  after  aging  16.5  hr.  is  shown 
in  Fig.  15.  The  irradiance  measurements  of  two  Sylvania  F15T8  CW  lamps  at 
Z  =  8  cm  are  compared  for  the  IRLSpec-S,  Fig.  16;  the  commercial  IRLSpec-SO, 

Fig.  17;  and  the  IRLSpec-D,  Fig.  18.  Irradiance  for  a  15-watt  daylight  lamp 
is  shown  in  Fig.  19. 

Spectral  data  of  the  sun  at  Beltsville,  Maryland,  during  the  year  are 
plotted  in  Fig.  20  and  21.  The  sun  curve  on  a  very  clear  day  illustrates  the 
stray  light  at  wavelengths  below  289  nm  for  the  IRLSpec-D,  Fig.  22.  The  action 
spectra  of  measured  Beltsville  sunshine  with  weighting  function  9  are  shown 
in  the  region  of  294  to  318  nm  at  the  bottom  of  Fig.  20. 

The  weighting  function  plotted  on  the  graphs  is  the  AZ9  equation  developed 
in  cooperative  research  at  BARC : 
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The  equation  was  used  to  compute  UV-B  sun  equivalent  (UVSEB) ,  indicated  on  the 
graphs.  Details  of  its  development  are  presented  in  the  Agricultural  Equipment 
Laboratory  report. 

Spectral  irradiance  data  are  now  plotted  automatically  with  the  HP9815A 
calculator  interfaced  directly  and  controlling  a  HP9872A  plotter.  After  the 
data  are  recorded  on  the  cassette,  selected  scans  are  loaded  into  the  calculator; 
and  the  plotter  draws  and  labels  the  graph  to  programmed  dimensions,  and  then 
automatically  plots  the  data  (Fig.  11,  12,  13,  and  14).  A  curve  is  plotted  from 
250  nm  to  370  nm  in  25  seconds. 

Narrow-band  Radiometers 

Two  narrow-band,  probe-type  radiometers  were  commercially  manufactured  to 
our  specifications.  These  radiometers  have  solar-blind  photo-multiplier-type 
detectors  (Mfg.  No.  R166) ,  a  peak  response  at  294  nm  and  299  nm,  respectively, 
and  a  half-band  width  of  5  nm.  Irradiance  readout  is  a  3  1/2  digit  display 
located  in  the  remote  electronic  unit  with  switched  ranges  from  10~^  to  10“^ 
watt  *  cm~2  •  nm--*- .  The  small  sensor  head  (5x5x16  cm),  with  teflon  dome  receptor, 
is  attached  by  2.75-m  cable  for  easy  placement  within  growth  chambers. 

Broad-band  UV-B  Radiometers  for  Routine  Monitoring 

A  small  battery-powered  radiometer,  the  IRLMeter,  was  designed  and  con¬ 
structed  for  measurement  of  total  UV-B  radiation  from  artifical  sources.  The 
instrument  has  a  solar-blind  vacuum  photo-diode  (Hamamatsu  R403) ,  an  integrated 
circuit  amplifier,  and  a  microammeter  packaged  in  a  meter  case.  The  circuit, 
as  shown  in  Fig.  23,  provides  for  four  decades  of  range  switching.  The  relative 
wavelength  response,  as  shown  in  Fig.  24,  peaks  at  300  nm  and  is  relatively  flat 
from  280  to  320  nm  and  the  radiometer  is  not  sensitive  to  radiation  longer  than 
400  nm.  Typical  comparative  data  of  the  IRLMeter  with  the  IRLSpec-S  spectro- 
radiometer  are  shown  in  Fig.  25. 
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This  broad-band  UV-B  radiometer  sensitivity  is  adjusted  to  a  full  scale 
reading  of  2.0  UV-B  sun  equivalents,  Beltsville  (UVSEB)  when  measuring  the 
output  of  FS40  fluorescent  lamps  filtered  with  0.127-mm  (0.005  in.)  CA. 

Correction  factors  were  developed  for  use  with  FS40  lamps  with  0.254-mm 
(0.010  in.)  CA  filter,  and  for  use  with  BZS  fluorescent  lamps. 

The  IRLSun-meter  radiometer  is  a  modification  of  the  IRLMeter.  The  new 
calibration  reads  directly  in  sun  equivalents,  Beltsville  (UVSEB  AE9) .  Cali¬ 
brations  for  two  suns  (UVSEB  AI9)  full  scale  were  developed  for  four  sources: 

(1)  Sunshine  for  a  clear  day  (6/8/77),  1:00  p.m.  EDT 

(2)  FS40  lamps  filtered  with  0.127-mm  (0.005  in.)  CA 

(3)  FS40  lamps  filtered  with  0.254-mm  (0.010  in.)  CA 

(4)  FBZS40  CLG  lamps  (unfiltered) 

A  commercial  version  of  the  IRLMeter  has  been  manufactured,  the  Optronic 
Model  725.  These  Model  725  radiometers  were  calibrated  by  IRL  for  our  coopera¬ 
ting  laboratories  from  IRLSpec-D  irradiance  values  for  five  sun  equivalents 
full  scale,  with  FS40  source  filtered  by  0.127-mm  (0.005  in.)  CA  aged  6  hr. 

A  calibration  scale  factor  was  developed  for  0.191-mm  (0.0075  in.)  CA,  0.254-mm 
(0.010  in.)  CA,  1.52-mm  (0.036  in.)  petri  dish,  and  FBZS40  and  FBZS20  lamps. 

An  Optronic  Model  725  broad-band  radiometer  was  calibrated  from  IRLSpec-D 
irradiance  values  for  10  UVSEB  full  scale  with  a  Rayonet  F8T5  RPR3000A  (8  watt) 
lamp  source  filtered  with  0.127-mm  (0.005  in.)  CA  supplied  by  the  Peoria  coop¬ 
erators  and  then  aged  6  hr.  This  Peoria  CA  filter  absorbed  less  at  shorter 
wavelength  than  Beltsville  CA,  Fig.  26,  27,  and  28,  significantly  changing  the 
A £9  action  integral. 

Rayonet  F8T5  RPR3000A  (8  watt)  lamps  have  strong  energy  in  the  254  nm 
region,  the  energy  approaching  the  peak  value  at  313  nm  (ratio  1.4).  The  peak 
energy  of  the  FS40  at  313  nm  is  approximately  700  times  the  energy  at  254  nm. 

This  254  nm  energy  can  be  removed  with  CA  filter,  but  it  probably  accelerates 
the  aging  of  the  CA  filter.  The  irradiance  of  the  Rayonet  RPR3000A  with  the 
CA  filter  at  20  cm  approximates  the  energy  of  the  FS40  with  CA  filter  at  50  cm 
and  75.1  cm.  Fig.  29,  30,  31,  and  32. 

Eye  Protectors 

Personal  eye  protectors  were  evaluated  for  their  UV-B  attenuation,  and 
two  FS40  lamps  at  50  cm  from  the  IRLSpec-D  spectroradiometer  receptor  were  used. 

An  aperture  through  black  cloth  was  necessary  to  prevent  significant  leakage 
between  lens  and  receptor,  even  though  they  were  placed  as  close  as  possible. 

Plots  of  plastic  goggles  No.  6,  7,  and  8  (dashed  line)  are  at  the  0.001  irradiance 
level  in  Fig.  33.  No.  5  was  a  pair  of  plastic  goggles,  and  No.  2,  a  plastic 
face  shield.  UV-B  blocking  of  prescription  eyeglasses  (glass  and  plastic)  and 
sunglasses  are  shown  in  Fig.  34. 
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Making  a  UV  Measurement? 

Washington,  D.  C.  —  The  increas¬ 
ing  interest  in  ultraviolet  optical 
measurements  has  spurred  the 
National  Bureau  of  Standards’  Op¬ 
tical  Radiation  and  Radiometric 
Physics  groups  to  look  into  the 
matter.  (A  special  chapter  of  the 
NBS  Self-study  Manual  on  Optical 
Radiation  Measurements  will  be 
devoted  to  making  state-of-the  art 
accuracy  UV  measurements  and  is 
planned  for  later  this  year.)  Over 
the  past  few  months,  NBS  has  in¬ 
vestigated  and  characterized  sev¬ 
eral  currently  available  spec- 
troradiometers  suited  for  use  in 
the  UV,  in  a  program  sponsored  by 
the  EPA. 

To  summarize  their  findings  (see 
Optical  Radiation  News,  April 
1977),  the  current  state-of-the-art 
for  spectral  irradiance  measure¬ 
ments  in  the  250-350  nm  range  var¬ 
ies  widely.  The  uncertainty  for  a 
highly  controlled  laboratory  mea¬ 
surement  of  radiation  of  a  simple 
character  is  estimated  at  about  3%. 
At  the  other  extreme,  the  mea¬ 
surement  of  very  complex  radia¬ 
tion  under  very  unfavorable  field 
conditions  could  hit  26%.  Typical 


uncertainties  for  lab  and  field  are 
estimated  to  be  about  6%  and  1 5%, 
respectively. 

What  can  be  done  to  improve 
these  “best”  UV  measurements? 
NBS  believes  that  what  is  needed 
most  is  a  field-portable  spec- 
troradiometer  with  some  impres¬ 
sive  characteristics.  This  instru¬ 
ment  would  not  only  have  negligi¬ 
ble  out-of-band  leakage  (=  10~R)  and 
high  wavelength  accuracy  (~  0.03 
nm)  but  would  also  be  much  less 
sensitive  to  temperature  and 
mechanical  shock,  be  hermetically 
sealed  and  have  an  easily  replace¬ 
able  window  on  its  entrance  port. 
Difficult  field  measurements  could 
be  made  to  within  10%  uncertainty 
with  such  an  instrument.  NBS  also 
suggests  microprocessor  control 
for  this  device. 

(Ed.  note:  The  technology  for  such 
a  device  exists.  But  such  a  spec- 
troradiometer  would  necessarily  he 
a  “ big  ticket”  item  even  if  we  disre¬ 
gard  the  mechanics  of  just  how  the 
development  expenses  are  amor¬ 
tized.  There  is  some  question  of 
whether  the  potential  market  is  big 
enough  to  be  able  to  absorb  the  de¬ 
velopment  COSt8.)  □ 
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Fig.  1  _  Spectroradiometer  components 
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Fig.  3.  Teflon  spectral  transmission 
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RELATIVE  RESPONSE 


Fig.  6.  Receptor  cosine  response 
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Fig.  14.  Lamp  spectra,  Snowmass,  Colorado 
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Fig.  15.  Lamp  aging  -  BZS  20  CLG0377 
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24 


SPECTRAL  IRRADIANCE 


SPECTRAL  IRRADIANCE 


Fig.  18. 


Sylvania  F15T8  CW  lamp  spectra  IRLSpec-D 
26 


SPECTRAL  IRRADIANCE  -  mW  •  m  ^  •  nm 


to. 


0.1 


.  o( 


@  &  cmA£zi=  2.37 

A  ^  A  L»  ♦  2  5  <a  •  ~ 7  _5" 

5~-  1^-77 

J  .D  R  'oa°* 

IRL  -  AMR  1 
AR5  -  US  DA 
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Fig.  20.  Sun  spectra  -  Beltsville,  MD 
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Fig.  25.  Regression  IRLSpec-S  vs.  IRLMeter 
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Fig.  26.  Rayonet  F8T5  RPR  3000A°  spectra  new  cellulose  acetate, 
Z  =  16.3  cm 
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Fig.  27.  Rayonet  F8T5  RPR  3000A°  spectra  cellulose  acetate  aged  6  hr 
Z  =  16.3  cm 
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Fig.  28.  Rayonet  F8T5  RPR  3000A°  spectra  cellulose  acetate  aged  6  hr. 
Z  =  20  nm 
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Fig.  33.  Spectra  -  eye  protective  device 
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APPENDIX  A 


Figure 

Ala  -  Ale  -  Operate  Program,  IRLSpec-D 
A2  -  Calibrate  Program,  IRLSpec-D 
A3a  -  A 3b  -  Operate  Program,  IRLSpec-S 
A4a  -  A4d  -  Operate  Program,  IRLSpec-SO 

Spectral  Response  Curves 
A5  -  Standard  Lamp  Plotted  Each  nm 
A6  -  FS40 ,  FBZS40CLG1076 ,  Sun,  IRLSpec-S 
A 7  -  Filtered  FS40  and  FBZS40CLG1076 ,  IRLSpec-S 
A8  -  FS40 ,  FBZS40CLG1076 ,  Z  =  73  cm,  IRLSpec-D 
A9  -  FBZS40  WLG,  FBZS20  WLG ,  Vitalite,  IRLSpec-D 
A10  -  F15T8  CW  Westinghouse ,  IRLSpec-D 
All  -  F15T8  CW  Westinghouse,  IRLSpec-SO 
A12  -  F15T8  CW  Sylvania,  IRLSpec-D 

A13  -  F15T8  GRO-LUX  Sylvania  F15T8  WW  GE,  IRLSpec-D 

A14  -  F40R  GE,  F40IR  Westinghouse,  F15T8R  GE,  Z  -  50  cm,  IRLSpec -D 

A15  -  F40IR  Westinghouse,  Z  =  20  cm,  IRLSpec-D 

A16  -  F15T8BL  Sylvania,  F15T8BLB  GE,  IRLSpec-D 

A17  -  F40  BL  +  FBZS40  CLG1076,  IRLSpec-D 

A18  -  F20T12/2021  Sample  No.  3176-2,  IRLSpec-D,  IRLSpec-SO 

A19  -  F20BL  Phillips  phosphor,  F4T5BL  conventional  phospher, 
IRLSpec  -S 
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Fig.  Ala.  Operate  Program  IRLSpec-D  (Cassette  D4) 
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Fig.  Alb.  Operate  Program  IRLSpec-D  (Cassette  D4)  (cont'd) 
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Fig.  A4d.  Operate  Program  IRLSpec-SO  (Cassette  B)  (cont  d) 


54 


SPECTRAL  IRRADIANCE  -  mW  ‘  m  *  nm 


loo . 


10. 


I.o 


0.1 


!  '  F”:  ;  ; 

“PT“f":  T - : - — — 

R  ■  -  :  4-  :  -  : 

• 

•  :  i  ■  '!  :  -  :  I  ' 

;  J  T-J-™  T  r- T"  • 

i  _ -  :  : _ 

-  :  :  I Jr-  '  j 1 

- 

-  "  — - 

:  :: 

T- 

-  -  -  -  p?  - 

:  .  :  “  . 

:.;H7 

K 

;  j 

■ . .  -  ; 

■  _ 

— 

;  +  . 

IRL- 

--I—-  4- 

'  {  -  •  ! 

+EEEBE 


— i 


■4- 

:±: 


-- 1  — 


:-U_l 


-i- 


T 


/V? Z30  s./cc 

W A TTs  ~  to e o  z?  rr So  cm 

STANDARD  lamp 

770  8  2.4-.  10 

IRLSpec-SO  UV-B 


.01 

7  *  t - 

6  “  - 

5 


A  i-  m  -  il'  4.4- 
S  UN  s  =  to.  44- 

-  7aj}*&  Tn  Vy *  YrT^ 


-H- 


— r 


2ir©  70  ©O  j0o  /o  2.0  3a  4o  3£o  ✓  , 

A  Vi  m 


70  So  7o 


Fig.  A5  -  Standard  Lamp  Plotted  Each  nm 

55 


.001 


Fig.  A6  -  FS40 ,  FBZS40CLG1076 ,  Sun,  IRLSpec-S 
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Fig.  A8  -  FS40,  FBZS40CLG1076,  Z  =  73  cm,  IRLSpec-D 
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Fig.  A9  -  FBZS40  WLG,  FBZS20  WLG,  Vitalite,  IRLSpec-O 
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Fig.  A10  -  F15T8  CW  Westinghouse ,  IRLSpec-D 
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Fig.  All  -  F15T8  CW  Westinghouse ,  IRLSpec-60 
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Fig,  A13  -  F15T8  GRO-LUX  Syl vania  F15T8  WW  GE,  IRLSpec-D 
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Fig.  A14  -  F40R  GE,  F40IR  Meetinghouse,  F15T8R  GE,  Z  -  50  cm 
IRLSpec-D 
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Fig.  A15  -  P40IR  Westinghmise,  2  =  20  cm,  IRLSpec-D 
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Fig.  A16  -  F15T8BL  Sylvania,  F15T8BLB  GE,  IRLSpec-D 
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Fig.  A17  -  F40  BL  +  FBZs'40  CLG1076,  XKLSpec-D 
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Fig„  A18  -  F20TX2/2021  Saaple  No,  3176-2 „  I^LSpec-O  XRLSpec-SO 
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Fig.  Aig  _  F20BL  Phillips  phosphor,  F4T5BX.  conventional 
phospher,  IRLSpec-S 
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